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Mesangial cells play a central role in the physiology and
pathophysiology of the glomerulus [1]. The use of human cell
preparations is restricted by two major obstacles: their limited life
span in culture and their loss of differentiated functions after
several subcultures. At the present time, one method to abolish
these problems is the establishment of cloned cell lines from cells
immortalized and/or transformed by recombinant eDNA proce-
dures or viral infection. Using a double transfection with T-SV4O
and H-ras oncogene [2J, we have previously established a perma-
nent cell line of immortalized human glomerular visceral epithe-
hal cells which retain some of the phenotypic features of parental
glomerular epithelial cell properties even when they have been
subcultured over 80 times [3].
We now report the characterization of human mesangial cells
(HMC) after a double transfection with T-SV4O and H-ras
oncogene. Since transfected human mesangial cells (T-HMC)
retain some of the phenotypic features of HMC, they should be
useful in physiological or biological studies of mesangial func-
tions.
Methods
Glomerular mesangial cells preparation and transfection
HMC were cultured from a normal human kidney unsuitable
for transplantation. The kidney was infused with 40 ml of 300
U/mi cohlagenase. After four hours, glomeruli were isolated [4]
and suspended in RPMI supplemented with 10% fetal calf serum
(FCS), 10 m HEPES, 2 mrvi glutamine, 100 U/mI penicillin, 100
U/mI streptomycin.
The DNA transfection was performed, after 10 days, on the
primary subculture by the calcium phosphate procedure [5]. After
three weeks in culture, some colonies were isolated by the cloning
ring method. The cells were resuspended and seeded in 35 mm
petri dishes in RPMI supplemented with 5% FCS, 10 mrvi HEPES,
2 mt glutamine, 100 U/mI streptomycin and 100 U/mI penicillin.
After eight months and 25 subcultures, cells were harvested,
resuspended in RPMI, counted and cloned by limiting dilution in
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96 well plates. Following this procedure, 40 clones were obtained.
One clone was selected. Five subcultures of this clone later, cells
were subcloned. Two clones (C2 M12, C2 MiS) were selected to
be propagated in D.M. or in RPMI. All the subcultures have been
cryopreserved and were easily subcultured after thawing. Growth
rates of the C2M12 and C2M15 were determined at passage 50.
Characterization of T-HMC
Morphological studies were done between P34 and P78 for
T-HMC and compared to HMC between P3 and PS. For scanning
electron microscopy (SEM), cells were cultured on multiwells
glass slides, fixed in 2.5% glutaraldehyde. They were dried by the
critical point method, coated by gold streams and observed with a
JEOL scanning electron microscope at 12 KV.
Communication competence of T-HMC was examined using a
scrape-loading technique, as described by lijima, Moore and
Goligorsky [6]. Cultures were rinsed with PBS, and covered with
PBS 0.05% lucifer yellow (Sigma Chemical Company, St. Louis,
MO, USA). Then the cultures were scratched with a Pasteur
pipette tip, resulting in the entry of fluorescent dye into the
damaged cells. Three minutes after scraping, cultures were rinsed
in PBS and observed with a Leitz Orthoplan epifluorescence
microscope.
For identification of the T-SV4O antigen (Tag), cells were fixed
in acetone/methanol at —20°C for 10 minutes, and treated with a
monoclonal antibody anti-Tag (mAb) at room temperature. It was
then revealed by 15 g/ml biotinylated anti-mouse IgG antibody
and 10 jLg/ml avidine fluorescein (FITC) conjugate (Sigma).
For identification of a-smooth muscle actin, cells were fixed in
4% paraformaldehyde permeabilized with methanol and incu-
bated with mAb anti-alpha actin (Dako Patts, Denmark), followed
by biotinylated anti-mouse IgG and avidin FITC conjugate.
The same technique was applied, after 0.1% triton permeabili-
zation, for the following antigens: prorenin (gift of Dr. Corvol),
von Willebrand factor (Dako Patts), cytokeratin (Amersham,
UK), u-PA (Biopool, Sweden), t-PA (Biopool), PAl-i (mono-
zyme, Aps, Denmark), desmin (Sigma), and vinculin (Sigma).
The components of the extracellular matrix collagens I and IV
(Institut Pasteur, Lyon, France), fibronectin, laminin (Sigma), and
PAT-i were studied using the same technique, without perme-
abilization. To enhance the sensitivity, the immunogold silver
staining technique (IGSS) with brightfield and epipolarization
microscopy was also used as previously described [7]. Control
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Fig. 1. TAg-SI" 40 transfected human mesangial cells (a, b, d) and human mesangial cells (c) obseived by scanning electron microscopy. C2 M12 (a) and
C2 M15 (b, d) cells exhibit cytoplasmic projections. They have more microvilli and are smaller than parental cells.
experiments were done without the first specific antibody. Photo-
graphs were taken with epifluorescence or combined bright field
and epipolarization microscopy (Leitz Orthoplan, Heezbrugg,
Switzerland).
Quantitative antigen determination of tissue type plasminogen
activator (t-PA), urokinase (u-PA), their inhibitor (PAl-i), pro-
renin and IL-6 were performed by ELISA on confluent cells
incubated in multiwell plates in hormonal-free defined medium
for 24 hours. Results were expressed in pg per ml of conditioned
medium.
Results
T-HMC displayed characteristics of immortalized mesangial
cell lines, since at that time they had been propagated for 36
months and passed over 90 times. Their population doubling time
was 62 hours during the logarithmic phase of growth at P50. They
needed 5% FCS for maximal expansion. Tag was present in the
nuclei of T-HMC.
Figure 1 shows the results of SEM studies. C2M12 cells (Fig.
1A) exhibited the typical morphological aspect of HMC, whereas
C2M15 (Fig. 1B) had a cobblestone morphology in all cases and
the cells were smaller than HMC (Fig. 1C). At a higher magnifi-
cation (Fig. 1D) some microvilli were observed in comparison
with HMC.
Lucifer yellow freely diffused from cell to cell, suggesting the
syncytial nature of cultured T-HMC.
As shown in HMC (Fig. 2A), alpha-actin filaments were present
in C2 M12 and C2 MiS cells (Fig. 2 B, C). Some but not all
cultured T-HMC cells exhibited organized filaments of alpha-
actin. Similarly, all HMC were stained with anti-aipha-actin mAb
with different intensity from cell to cell.
Table 1 summarizes the differences between HMC and THMC.
HMC and THMC expressed t-PA (100 ng/ml) and PAIl (1000
ng/ml), but also u-PA (300 ng/ml). Prorenin was more abundant in
HMC (200 pg/mi) than in THMC (75 and 25 pg/mi). IL-6 was
detected in the culture medium at a similar level (3600 pg/mI) in
HMC and in THMC.
Discussion
In this study we report the establishment of a stable cell line by
transfection and immortalization by the viral oncogene large
T-SV4O of human mesangial cells isolated from normal human
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Table 1. Comparison between parental human mesangial cells and the
immortalized human mesangial cell clones C2M12 and C2M15
Parental
cells
Transfected mesangial cells
C2M12 C2M15
Morphology
Stellate shape + + +
Cytoplasmic projections + + +
Microvillis + + +
Antigenic markers
Alpha actin + + +
T-SV4O — + +
Extracellular matrix components
Collagen I + + +
Collagen IV + + +
Laminin + + +
Fibronectin + + -j-
Biosynthesis
1L6 + + -1-
Renin + + +
t-PA + + +
u-PA — + +
PAIl + + +
Fig. 2. Identification of smooth muscle cell alpha-actin antigen in human
mesangial cells (a) and in transfected human mesangial cells C2 M12 (b), C2
M15 (c), by immunofluorescence. Cultured parental mesangial cells show
microfliaments of aipha-actin (a). Only few C2 M12 (b) and C2 M15 (c)
cells exhibit alpha-actin in their cytoskeleton. Original magnification
x500.
glomeruli. It is now well established that the integration of
T-SV40 DNA in the genome of mammalian epithelial cells can
induce immortalization of cultured cells [2, 3]. C2 M12 and C2
M15 cells display a high rate of in vitro proliferation as do
immortalized human glomerular visceral epithelial cells. How-
ever, the proliferation rate of 62 hours is lower than the previously
reported transfection of human glomerular visceral epithelial cells
which have been immortalized by the same procedure [3, 8]. The
immortalized C2 M12 and C2 M15 maintain some of the main
phenotypical characteristics of HMC. They show cytoplasmic
projections, stellated shape and microvilli. They have cell commu-
nications as demonstrated by the transfer of Lucifer yellow
between the cultured adjacent T-HMC. This is in agreement with
the syncytial nature of mesangial cells, as described by Pricam et
al [9] and in cultured rat mesangial cells by lijima et al [6].
Alpha actin is expressed in C2 M12 and C2 M15. This fact
strongly supports the mesangial origin of these immortalized cells
since a-smooth muscle cell actin is expressed in cultured rat
mesangial cells [10] and in human glomeruli, in mesangial cells,
especially in some proliferative glomerulonephritis [11]. More-
over, smooth muscle cell actin has never been reported to be
expressed by endothelial or epithelial glomerular cells. HMC and
T-HMC do not express endothelial antigens (von Willebrand
factor and CD31) and epithelial antigen (cytokeratin).
The same proteins of the extracellular matrix are expressed in
HMC and in the cloned cells [71.One difference between normal
mesangial cells, C2 M12 and C2 M15 concerns the synthesis of
fibrinolytic components. Indeed, t-PA and PAT-i are synthesized
by HMC and T-HMC, but the transfected cells synthesized u-PA
whereas cultured HMC did not. The fact that C2M12 and C2M15
synthesized u-PA is not irrelevant. It may be compared to
transfected human venous endothelial cells which lose their ability
to synthesize t-PA and express only u-PA [12].
In summary, we conclude that T-SV 40 has induced immortal-
ization of human mesangial cells after transfection. This has
allowed us to establish cloned cell lines of immortalized human
mesangial cells which maintain several specific features of normal
human mesangial cells. They could provide a powerful tool to
study cell biology of human mesangial cells.
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